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Particle Physics Experiments /
What are we trying to do here?
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Many squiggly lines in particle physics talks.
What do they mean?
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Particle Physics Experiments

What are we trying to do here?

This picture is great,
but it is not quite correct.

“()

Feynman diagrams: particle
physicists’ best friends to
understand interactions
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Particle Physics Experiments

What are we trying to do here?
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Feynman diagrams: particle . . .
ohysicists' best friends to From an experiment point of view,

understand interactions these squiggles are the same thing
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Particle Physics Experiments

What are we trying to do here?

gg Fusion

tt Fusion

We are trying to precisely determine the
occurrence of a particular process, or
precisely measure properties of this
process.

This is an example of processes for Higgs
production @ LHC

This information gives you insight to
what fundamental interactions are
occurring “under the hood”.
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In LHC ..
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In LHC ..
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In LHC ..
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It really looks way worse than this!

Average number of simultaneous proton-proton interactions in ATLAS is ~50.
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It really looks way worse than this!
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Average number of simultaneous proton-proton interactions in ATLAS is ~50.
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It really looks way worse than this!

Bf all B =g of o4l 3 0 -3 &
z Joeom

Average number of simultaneous proton-proton interactions in ATLAS is ~50.
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The one slide to remember

Tracking Electromagnetic Hadron Muon
chamber  calorimeter calorimeter  charnber
photons 4
—>

d

et

n _<<
[nnermost Layer.., =————————Jp .. Qutermost Layer
/ Different “stable” particles leave signals.
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Detectors allow us figure out what happened

More expensive
Less Expensive
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Did a particle pass through here?

Did it generate any charge ?

We have to collect this
charge to figure it out!

Detector Volume
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Did a particle pass through here?

Chargec'l Particle

L 4

Did it generate any charge ? !

We have to collect this
charge to figure it out!

Detector Volume ’
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Did a particle pass through here?

Chargec'l Particle
! 4
Did it generate any charge ? Petector Volume !

We have to collect this
charge to figure it out!

vinicius.franco.lima@cern.ch


mailto:vinicius.franco.lima@ceren.ch

Did a particle pass through here?
Chargec'l Particle

L 4

Did it generate any charge ? etector Volume !

We have to collect this
charge to figure it out!

Electric field drifts free
charges away.

Eletronics measure how
much charge drifted at any
point in time.
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Did a particle pass through here?

With many of these
detections one can
figure out
accurately the path
of a particle through
the detector.

If you are really
smart you can put a
magnetic field in
there and getl...
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Did a particle pass through here’?

Now you know how to make
a tracking detector!
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S T density of channels, design

special readout electronics,

probably cry at some point.
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Hybrid Silicon Pixel Detectors

- Charged
- particle

Aluminum contact

TCIPY

de aluminum (ohmic contact)

ad_bd

“ Electrons
2 High-resistivity Sensor |
&2 n-type silicon bias

Sensor pixels

e . + o8 Py - €] voltage T
Solder bump flip N . T= — g s+ tune implantat
chip NGNS o |
interconnections @ AR OSas ~
S R OS0NS - Tt Solder
= 2| A\~ . > bumgp UBM
ere mnding ! > Mo om .l o ' ——.‘."————'—'"_'
ks | reat .
Charged
1 particle
Generic pixel detector Cross-sectional cut

vinicius.franco.lima@cern.ch


mailto:vinicius.franco.lima@ceren.ch

Hybrid Silicon Pixel Detectors
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llicon Pixel Detectors
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Which particle though ?

Tracking Electromagnetic F

Once your econstructed a chamber  calorimeter cal 107 1 b (GeV!
trajectory, you need to know . ons 44
its identity! —
ot ;
—
Calorimeters identify s
particles by stopping them. 7t p
—
n
Cherenkov detectors identify — _§<
particles by looking at their [nnermost Layer.., =3 ...Outermost Layer
Cherenkov light.
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Which particle though w

Once you reconstructed a
trajectory, you need to know
its identity!

1%

\
kapns

prons
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particles by looking at their

Cherenkov light.
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Which particle though ?

Calorimeters identify
particles by stopping them.

Main different between
electromagnetic and hadron
calorimeters Is their density.

In general hadrons penetrate
much deeper and will leave
signals in both EM and
Hadron calorimeters.
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Which particle though ?

Cherenkov light for particle
identification.

Generated by particles
traversing a medium at a Angle of the wake depends
speed higher than the speed on the speed of the particle.

of light in that medium.
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Which particle though ?

Cherenkov light for particle
identification.

Generated by particles _
traversing a medium at a As seen in Water cooled
speed higher than the speed reactors.

of light in that medium.
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Which particle though ?
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Which particle though ?

How to detect light ?

Photomultiplier Tube

Incoming

T Photon\ Window
PMTs : Photomultiplier tubes! puake-

Voltage Dropping
Resistors

m

Figure 1

Power Supply
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Which particle though ?

How to detect light ? DT

Ao S A Ravn

PMTs : Photomultiplier tubes!
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A DETECTOR (E.G. ATLAS)

Simplified Detector Transverse View
Muon Spectrometer

Toroids
HadCAL

TRT
SCT

Leptons
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